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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 
Toshiki TANAKA 
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For: NUMERICAL CONTROL DRIVE SYSTEM 

J PRELIMINARY AMENDMENT 

H Commissioner for Patents 
W Washington, D.C. 20231 

K Sir: 

Q Prior to examination, please amend the above-identified application as follows: 

: ■ a 

^ IN THE SPECIFICATION : 

Page 8, Please delete fourth full paragraph and replace with the following new paragraph: 

Figs. 2(a), 2(b) and 2(c) are drawings to show the relationship between input current and 
control period in the NC drive system according to embodiment 1 of the invention. 

Page 8, Please delete fifth full paragraph and replace with the following new paragraph: 

Figs. 3(a), 3(b) and 3(c) are drawings to show the characteristics in the NC drive system 
according to embodiment 1 of the invention. 

Page 8, Please delete seventh full paragraph and replace with the following new paragraph: 

Figs. 5(a), 5(b) and 5(c) are drawings to show the characteristics in the NC drive system 
according to embodiment 2 of the invention. 



Page 9, Please delete second full paragraph and replace with the following new paragraph: 



Figs. 7(a), 7(b) and 7(c) are drawings to show the characteristics in the NC drive system 
according to embodiment 3 of the invention. 



Page 9, Please delete fourth full paragraph and replace with the following new paragraph: 

Figs. 9(a), 9(b) and 9(c) are drawings to show the characteristics in the NC drive system 
according to embodiment 4 of the invention. 

Page 9, Please delete sixth full paragraph and replace with the following new paragraph: 

Figs. 1 1(a) and 1 1(b) are drawings to show the characteristics in the NC drive system 
according to embodiment 5 of the invention. 



Entry and consideration of this Amendment is respectfully requested. 
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APPENDIX 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION : 

The specification is changed as follows: 

Page 8, fourth full paragraph; 

¥i%~24s-a drawing Figs. 2(a), 2(b) and 2(c) are drawings to show the relationship 
between input current and control period in the NC drive system according to embodiment 1 of 
the invention. 

Page 8, fifth full paragraph; 

Fig 3 is a drawing Figs. 3(a). 3(b) and 3(c) are drawings to show the characteristics in the 
NC drive system according to embodiment 1 of the invention. 

Page 8 ? seventh full paragraph; 

Fig 5 is a dra w i- n - g Figs. 5(a), 5(b) and 5(c) are drawings to show the characteristics in the 
NC drive system according to embodiment 2 of the invention. 

Page 9, second full paragraph; 

Fi g 7 is a drawing Figs. 7(a). 7(b) and 7(c) are drawings to show the characteristics in the 
NC drive system according to embodiment 3 of the invention. 

Page 9, fourth full paragraph; 

Fig 9 i s a drawing Figs. 9(a). 9(b) and 7(c) are drawings to show the characteristics in the 
NC drive system according to embodiment 4 of the invention. 

Page 9, sixth full paragraph; 

Fig 1 1 is a drawing Figs. ll(a)and 1 Kb) are drawings to show the characteristics in the 
NC drive system according to embodiment 5 of the invention. 
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Description 
Numaiii caj^co ntrol drive sys teim 

Technical Field 

This invention relates to a numerical control drive system 
and in particular to a numerical control drive system having 
a servo drive unit for driving a motor, a drive unit such as 
a spindle drive unit, a numerical control unit for outputting 
a control command for driving the motor to the two or more drive 
units , and a motor drive power converter for converting AC power 
into DC power and supplying the DC power to the two or more 
drive units. 

Background of the Invention 

Fig, 16 is a drawing to show the configuration of a 
numerical control (NC) drive system in a related art. In the 
Fig., numeral 41 denotes an AC power supply, numeral 42 denotes 
an AC reactor, numeral 43 denotes a motor drive power converter, 
numeral 44 denotes a spindle drive unit, numeral 45 denotes 
a spindle motor driven by the spindle drive unit 44, numeral 
4 6 denotes a servo drive unit, numeral 47 denotes a servomotor 
driven by the servo drive unit 4 6, numeral 4 8 denotes an NC 
unit, and numeral 4 9 denotes a bus line. Numeral 50 denotes 
an AC-DC conversion circuit, numeral 51 denotes a diode, numeral 
52 denotes a power module, and numeral 53 denotes a smoothing 



capacitor . 

The motor drive power converter 43 rectifies AC power 
(LI, L2, L3) input via the AC reactor 42 from the AC power supply 
41 to direct current through the diode 51, further smoothes 
the direct current through the smoothing capacitor 53 to produce 
DC power supply voltage VP, VN, to the spindle drive unit 44 
and the servo drive unit 46. The spindle drive unit 44 and 
the servo drive unit 4 6 input the DC power supply voltage VP, 
VN and drive the spindle motor 45 and the servomotor 47 based 
on a position command from the NC unit 48. 

When the servomotor 47 or the spindle motor 45 performs 
power running at the acceleration time, the AC-DC conversion 
circuit 50 rectifies alternating current to direct current and 
through the diode 51 supplies power. When the servomotor 47 
or the spindle motor 45 runs in a regenerative mode at the 
deceleration time, the power module 52 switches so as to return 
the power to the AC power supply 41. 

In recent years, with productivity improvement of a tool 
machine and development of technologies, shortening of the 
acceleration/deceleration time constant in a rapid feed mode 
and shortening of the cycle time have been demanded and further 
a larger torque (electric current) has been demanded at the 
acceleration/deceleration time and a servo drive unit and a 
spindle drive unit have been put into a high gain. 

The demands for providing a high torque and a high gain 



described above have resulted in severe operating conditions 
of thermal stress of excessive current and power cycle in the 
motor drive power converter for supplying power to the servo 
drive unit and the spindle drive unit, and the capacity of the 
motor drive power converter has been increased as measures 
against heat of a diode and a power module and thus there are 
problems of upsizing and an increase in costs. 

Fig. 17 is a block diagram of a variable-speed controller 
of an AC motor in a related art described in Japanese Patent 
Laid-Open No . 85085/1986 . In the Fig., numeral 61 denotes a 
motor for driving load of a fan, a pump, etc . , numeral 62 denotes 
a position sensor being attached to the motor 61 for detecting 
the number of revolutions of the motor 61 , and numeral 63 denotes 
an AC variable- speed drive for operating the motor 61 at variable 
speeds, an AC power supply being connected to the primary side 
of the AC variable-speed drive via a current transformer 64. 
Numeral 65 denotes is an overcurrent relay being connected to 
the secondary side of the current transformer 64 for stopping 
the operation of the AC variable-speed drive 63 to protect the 
motor if the motor is operated or accelerated in such a manner 
that the primary current value of the operation of the AC 
variable-speed drive 63 exceeds a rated value, and numeral 66 
denotes a speed reference controller for setting speed reference . 
Numeral 67 denotes a current comparison controller for comparing 



the input current with a preset current limit value based on 
the input current supplied via the current transformer 64 to 
the AC variable-speed drive 63 and the number of revolutions 
of the motor input from the position sensor 62, and sends a 
control signal to the speed reference controller 66. 

In a self-cooled motor with the cooling effect changing 
in response to the number of revolutions, the cooling effect 
changes in response to the number of revolutions and the current 
value limited from the heat resistance amount of the motor 
changes . A variable-speed controller of an AC motor in a related 
art is adapted to operate the motor within predetermined current 
limit values without stopping the motor by presetting the current 
limit value at the rated operation time and the current limit 
value at the acceleration time in all variable-speed area from 
the relationship between the cooling effect responsive to the 
number of revolutions and the heat resistance amount and when 
the input current reaches the current limit value at the related 
operation time in the rated operationmode, decreasing the number 
of revolutions of the motor for lowering the input current or 
when the input current reaches the current limit value at the 
related operation time in the acceleration operation mode, 
limiting an increase in the input current for temporarily 
stopping the acceleration. 

In the variable-speed controller of an AC motor in the 
related art described above, if the input current of the AC 



variable-speed drive exceeds the rated value, the operation 
thereof is stopped by means of the over cur rent relay for 
protecting the motor or when the input current of the AC 
variable-speed drive is compared with the preset current limit 
value and the input current reaches the current limit value, 
the input current is lowered or an increase in the input current 
is limited, whereby protection against overheating is conducted 
without stopping the motor, namely, protection of the 
variable- speed controller is accompl i shed singly . In the whole 
NC drive system made up of the spindle drive unit 44 for driving 
the spindle motor 45, the servo drive unit 46 for driving the 
servomotor 47, etc., as shown in Fig. 16, if the spindle drive 
unit 44 or the servo drive unit 46 is equal to or less than 
the allowable current, whether or not an overcurrent occurs 
as the whole NC drive system cannot be determined; this is a 
problem. 

The invention is intended for solving the problems as 
described above and it is an object of the invention to provide 
an NC drive system capable of performing stable motor control 
without increasing the capacity of a background motor drive 
power converter even in high-speed, high-acceleration drive. 

Disclosure of the Invention 

According to the invention, there is provided a numerical 



control drive system having two or more drive units consisting 
of a servo drive unit for driving a motor, a spindle drive unit, 
etc . , a numerical control unit for outputting a control command 
for driving the motor to the two or more drive units, and a 
motor drive power converter for converting AC power into DC 
power and supplying the DC power to the two or more drive units, 
wherein 

the motor drive power converter comprises input current 
detection means for finding an input current, input current 
determination means for comparing the input current found by 
the input current detection means with an allowable current 
value with respect to less-than, equal-to, or greater-than 
relation, and control signal output means for outputting a 
control signal to the drive unit based on the determination 
result of the input current determination means, wherein the 
drive unit comprises control signal executionmeans for changing 
the control command from the numerical control unit based on 
the control signal output from the control signal output means, 
and wherein 

if the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means of the drive unit changes 
the control command from the numerical control unit, thereby 
lowering the input current. 

If the input current determination means determines that 



the input current is greater than the allowable current value, 
the control signal execution means performs processing of 
lessening the inclination of a speed command. 

If the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means shuts off the gates of the 
switching elements of the drive units. 

If the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means clamps a speed command. 

If the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means clamps a motor drive current * 

The motor drive power converter comprises phase detection 
means for detecting a power supply phase of the AC power and 
the input current determination means inputs the power supply 
phase detected by the phase detection means and compares the 
input current with the allowable current value with respect 
to the less-than, equal-to, or greater-than relation in the 
proximity of the power supply phase where the input current 
changes in direction. 

The control signal output means inputs at least either 
motor drive currents or motor speeds from the two or more drive 
units to which the DC power is supplied, and selects the drive 
unit to which the control signal is to be output. 



The motor drive power converter comprises 
cumulative-sum-of-times retention means for retaining the 
cumulative sum of times the input current determination means 
has determined that the input current exceeds the allowable 
current value, and alarm determination means for outputting 
an alarm to the drive units and the numerical control unit if 
^ the cumulative sum of times retained in the 

■„ 

J* cumulative-sum-of-times retention means becomes equal to or 

Jl greater than a reference value. 

The motor drive power converter comprises input current 
L output means for outputting the input current found by the input 

pi current detection means to the numerical control unit. 

y i 

Q ' 

IL.S.. 

Brief Description of the Drawings 

Fig. 1 is a drawing to show the configuration of an NC 
drive system according to embodiment 1 of the invention. 

Fig. 2 is a drawing to show the relationship between input 
current and control period in the NC drive system according 
to embodiment 1 of the invention. 

Fig. 3 is a drawing to show the characteristics in the 
NC drive system according to embodiment 1 of the invention. 

Fig. 4 is a drawing to show the configuration of an NC 
drive system according to embodiment 2 of the invention. 

Fig. 5 is a drawing to show the characteristics in the 
NC drive system according to embodiment 2 of the invention. 
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Fig. 6 is a drawing to show the configuration of an NC 
drive system according to embodiment 3 of the invention. 

Fig. 7 is a drawing to show the characteristics in the 
NC drive system according to embodiment 3 of the invention. 

Fig. 8 is a drawing to show the configuration of an NC 
drive system according to embodiment 4 of the invention. 

Fig. 9 is a drawing to show the characteristics in the 
NC drive system according to embodiment 4 of the invention. 

Fig. 10 is a drawing to show the configuration of an NC 
drive system according to embodiment 5 of the invention. 

Fig. 11 is a drawing to show the characteristics in the 
NC drive system according to embodiment 5 of the invention. 

Fig. 12 is a drawing to show the configuration of an NC 
drive system according to embodiment 6 of the invention. 

Fig. 13 is a drawing to show a flowchart of the NC drive 
system according to embodiment 6 of the invention. 

Fig. 14 is a drawing to show the configuration of an NC 
drive system according to embodiment 7 of the invention. 

Fig. 15 is a drawing to show the configuration of an NC 
drive system according to embodiment 8 of the invention. 

Fig. 16 is a drawing to show the configuration of an NC 
drive system in a related art. 

Fig. 17 is a block diagram of a variable-speed controller 
of an AC motor in a related art described in Japanese Patent 
Laid-Open No . 850 8 5/ 198 6 . 
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Best Mode for Carrying out the Invention 
Embodiment 1 

Fig. 1 is a drawing to show the configuration of an NC 
drive system according to embodiment 1 of the invention. In 
the figure, numerals 41, 42, 45, 47 to 49, 50, and 53 are similar 
to those in Fig. 16 in the related art example and will not 
be discussed again. Numeral la denotes a motor drive power 
converter, numeral 2a denotes a spindle drive unit, and numeral 
3a denotes a servo drive unit. 

Numeral 11 denotes input current detection means for 
detecting input currents IL1 and IL2 of phases LI and L2 and 
finding input current Ii, numeral 12a denotes input current 
determination means for comparing the input current Ii with 
allowable current value 10 with respect to less-than, equal-to, 
or greater-than relation, and numeral 13 denotes 
acceleration/deceleration command change signal output means 
as control signal output means for outputting an 
acceleration/deceleration command change request signal VON 
or an acceleration/deceleration command change invalidation 
signal VOF to the spindle drive unit 2a and the servo drive 
unit 3a based on the determination result of the input current 
determination means 12a. Numerals 14a and 14b denote 
acceleration/deceleration command change signal input means 
for inputting the acceleration/deceleration command change 
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request signal VON or the acceleration/deceleration command 
change invalidation signal VOF, and numerals 15a and 15b denote 
acceleration/deceleration command generation means for 
changing an acceleration/deceleration command based on the 
acceleration/deceleration command change request signal VON 
from the acceleration/deceleration command change signal input 
means 14a and 14b; in embodiment 1, control signal execution 
means is made up of the acceleration/ deceleration command change 
signal input means 14a and 14b and the acceleration/ deceleration 
command generation means 15a and 15b. 

The operation, wherein the motor drive power converter 
la converts AC power (LI, L2, L3) input via an AC reactor 42 
from an AC power supply 41 into DC power supply voltage VP, 
VN, and supplies the DC power supply voltage VP, VN to the spindle 
drive unit 2a and the servo drive unit 3a, and the spindle drive 
unit 2a and the servo drive unit 3a input the DC power supply 
voltage VP, VN and drive a spindle motor 45 and a servomotor 
47 based on a move command given on a bus line 4 9 from an NC 
unit 48, is similar to that in the related art example. 

Fig. 2 is a drawing to show the relationship between input 
current and control period in the NC drive system according 
to embodiment 1 of the invention; (a) shows the waveform of 
an input phase-to-phase voltage VAC, (b) shows the waveform 
of the input current Ii, and (c) shows an input current detection 
period. In the Fig., the input phase-to-phase voltage VAC has 



the power supply voltage waveform of phases (LI, L2, L3) in 
the phase order of LI to L2 to L3, and the less-than, equal-to, 
or greater-than relation between the phase-to-phase voltages 
of the phases changes every T/6 where T is power supply period. 
The input current Ii has a flowing phase changing on T/6 period 
based on the less-than, equal-to, or greater-than relation 
between the phase-to-phase voltages, and becomes zero every 
T/6. The input current detection period which becomes the 
control period is a sufficiently shorter value than the period 
of the input current. 

Fig. 3 is a drawing to show the characteristics in the 
NC drive system according to embodiment 1 of the invention; 
(a) shows the characteristic of the input current Ii detected 
by the input current detection means 11, (b) shows the speed 
characteristic of the motor (spindle motor 45 or servomotor 
47) , and (c) shows the characteristic of motor drive current. 
In the Fig., Al is the point in time when the input current 
determination means 12a determines that input current Ii > 
allowable current value 10, A2 is the point in time when the 
acceleration/deceleration command generation means 15a, 15b 
changes the acceleration/deceleration command (lessens the 
inclination of the speed command) based on the 
acceleration/deceleration command change request signal VON, 
Bl is the point in time when the input current Ii lessens as 
the inclination of the speed command is lessened and the input 
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current determination means 12a determines that input current 

Ii < allowable current value 10, and B2 is the point in time 
when the acceleration/deceleration command generation means 
15a, 15b restores the acceleration/deceleration command to an 
acceleration/deceleration command based on a position command 
from the NC unit 48 based on the acceleration/deceleration 
command change invalidation signal VOF. 

The operation of acceleration/deceleration command 
change in embodiment 1 will be discussed with reference to Figs . 

I to 3. 

The input current determination means 12a compares the 
input current Ii found by the input current detection means 

II with the allowable current value 10 with respect to less-than, 
equal-to, or greater-than relation and if the input current 
Ii becomes greater than the allowable current value 10 (Al in 
Fig. 3 (a) ) , the input current determination means 12a outputs 
a signal to the effect that Ii>10 to the 
acceleration/deceleration command change signal output means 
13. If Ii becomes greater than 10, the 
acceleration/deceleration command change signal output means 
13 outputs the acceleration/deceleration command change 
request signal VON to the spindle drive unit 2a and the servo 
drive unit 3a. 

When the acceleration/deceleration command change signal 
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input means 14a and 14b of the spindle drive unit 2a and the 
servo drive unit 3a input the acceleration/deceleration command 
change request signal VON, the means output the 
acceleration/deceleration command change request signal VON 
to the acceleration/deceleration command generation means 15a 
and 15b- When the acceleration/deceleration command 
O generation means 15a and 15b input the 

f fl acceleration/deceleration command change request signal VON, 

m 

O the means change the acceleration/deceleration command (lessen 

the inclination of the speed command) (A2 to B2 in Fig. 3 (b) ) . 
f Since the spindle drive unit and the servo drive unit 

Jif lessen the inclination of the speed command, drive current Id 

r. !T s t 

jy lessens and the input current Ii also lessens in proportion 

^ to the drive current Id as shown in expression (1) : 

Ii cc (co X Id) ... expression (1) 

If the input current Ii becomes equal to or less than 
the allowable current value 10 (Bl in Fig. 3 (a)), the input 
current determination means 12a outputs a signal to the effect 
that Ii<10 to the acceleration/deceleration command change 
signal output means 13. If Ii becomes equal to or less than 
10, the acceleration/deceleration command change signal output 
means 13 outputs the acceleration/deceleration command change 
invalidation signal VOF to the spindle drive unit 2a and the 
servo drive unit 3a. 

When the acceleration/deceleration command change signal 
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input means 14a and 14b of the spindle drive unit 2a and the 
servo drive unit 3a input the acceleration/deceleration command 
change invalidation signal VOF, the means output the 
acceleration/deceleration command change invalidation signal 
VOF to the acceleration/deceleration command generation means 
15a and 15b. When the acceleration/deceleration command 

Pi generation means 15a and 15b input the 

, ^ 

yj acceleration/deceleration command change invalidation signal 

0 VOF, the means validate the position command from the NC unit 
H 48 and restore the acceleration/deceleration command to the 

5. a 3 

s acceleration/deceleration command based on the position 

fu command from the NC unit 48 (B2 in Fig. 3 (b) ) . 

1 jrH 

^ In the NC drive system of embodiment 1, if it is determined 

that the input current Ii of the motor drive power converter 
is greater than the allowable current value 10, the input current 
Ii is lowered, whereby stable motor control can be executed 
without increasing the capacity of the motor drive power 
converter for high-speed, high-acceleration drive of the NC 
drive system. The speed change amount is controlled and the 
inclination of the speed command is lessened, whereby the input 
current Ii is lowered. Thus, the input current Ii can be lowered 
with the speed control maintained, and the system is suited 
for application where high-acceleration operation is performed 
while path accuracy is maintained. 
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Embodiment 2 

Fig. 4 is a drawing to show the configuration of an NC 
drive system according to embodiment 2 of the invention. In 
the Fig., numerals 11, 41, 42, 45, 47 to 49, 50, and 53 are 
similar to those in Fig. 1 and will not be discussed again. 
Numeral lb denotes a motor drive power converter, numeral 2b 
denotes a spindle drive unit, and numeral 3b denotes a servo 
drive unit. Numeral 12b denotes input current determination 
means for comparing input current Ii with allowable current 
value 10 with respect to less-than, equal-to, or greater-than 
relation, and numeral 16 denotes gate signal output means as 
control signal output means for outputting a gate shut-off 
request signal GOF or a gate on signal GON to the spindle drive 
unit 2b and the servo drive unit 3b based on the determination 
result of the input current determination means 12b. 

Numerals 17a and 17b denote gate signal input means for 
inputting the gate shut-off request signal GOF or the gate on 
signal GON, and numerals 18a and 18b denote gate control means 
for shutting off or turning on a gate based on the command from 
the gate signal input means 17a and 17b; in embodiment 2 , control 
signal execution means is made up of the gate signal input means 
17a and 17b and the gate control means 18a and 18b. 

Fig. 5 is a drawing to show the characteristics in the 
NC drive system according to embodiment 2 of the invention; 
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(a) shows the characteristic of the input current Ii detected 
by input current detection means 11, (b) shows the speed 
characteristic of a motor (spindle motor 45 or servomotor 47) , 
and (c) shows the characteristic of motor drive current. In 
the Fig., Al is the point in time when the input current 
determination means 12b determines that input current Ii > 
allowable current value 10, A3 is the point in time when the 
gate control means 18a, 18b shuts off the gate based on the 
gate shut-off request signal GOF, Bl is the point in time when 
the input current Ii lessens as the gate is shut off and the 
input current determination means 12b determines that input 

current Ii < allowable current value 10, and B3 is the point 
in time when the gate control means 18a, 18b turns on the gate 
based on the gate on signal GON. 

The operation of gate control in embodiment 2 will be 
discussed with reference to Figs. 4 and 5. 

The input current determination means 12b compares the 
input current Ii found by the input current detection means 
11 with the allowable current value 10 with respect to less-than, 
equal-to, or greater-than relation and if the input current 
Ii becomes greater than the allowable current value 10 (Al in 
Fig. 5 (a) ) , the input current determination means 12b outputs 
a signal to the effect that Ii>10 to the gate signal output 
means 16. If Ii becomes greater than 10, the gate signal output 
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means 16 outputs the gate shut-off request signal GOF to the 
spindle drive unit 2b and the servo drive unit 3b. 

When the gate signal input means 17a and 17b of the spindle 
drive unit 2b and the servo drive unit 3b input the gate shut-off 
request signal GOF, the means output the gate shut-off request 
signal GOF to the gate control means 18a and 18b. When the 
gate control means 18a and 18b input the gate shut-off request 
signal GOF, the means shut off the gates of switching elements 
(not shown) of the spindle drive unit 2b and the servo drive 
unit 3b. 

As the gates are shut off, motor drive current Id lessens 
and the inclination of a speed command can be lessened (A3 to 
B3 in Fig. 5 (b) ) and thus the input current Ii also lessens 
as shown in expression (1) described above (Ii cc (co X Id)) . 

If the input current Ii becomes equal to or less than 
the allowable current value 10 (Bl in Fig. 5 (a)), the input 
current determination means 12b outputs a signal to the effect 
that Ii<10 to the gate signal output means 16. If Ii becomes 
equal to or less than 10, the gate signal output means 16 outputs 
the gate on signal GON to the spindle drive unit 2b and the 
servo drive unit 3b. 

When the gate signal input means 17a and 17b of the spindle 
drive unit 2b and the servo drive unit 3b input the gate on 
signal GON, the means output the gate on signal GON to the gate 
control means 18a and 18b. When the gate control means 18a 
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and 18b input the gate on signal GON, the means turn on the 
gates of the switching elements (not shown) of the spindle drive 
unit 2b and the servo drive unit 3b and restore the 
acceleration/deceleration command to the 

acceleration/deceleration command based on a position command 
from an NC unit 48 (B3 in Fig. 5 (b) ) . 

In the NC drive system of embodiment 2 , if it is determined 
that the input current Ii of the motor drive power converter 
is greater than the allowable current value 10, the gates of 
the switching elements of the drive units are shut off, whereby 
the drive currents of the drive units can be set to zero and 
thus the input current Ii can be lowered at high speed and the 
system is suited for application of positioning not requiring 
path accuracy, such as a material-handling system. 

Embodiment 3 

Fig. 6 is a drawing to show the configuration of an NC 
drive system according to embodiment 3 of the invention. In 
the Fig., numerals 11, 41, 42, 45, 47 to 49, 50, and 53 are 
similar to those in Fig. 1 and will not be discussed again. 
Numeral lc denotes a motor drive power converter, numeral 2c 
denotes a spindle drive unit, and numeral 3c denotes a servo 
drive unit. Numeral 12c denotes input current determination 
means for comparing input current Ii with allowable current 



value 10 with respect to less-than, equal-to, or greater-than 
relation, and numeral 19 denotes motor speed clamp signal output 
means as control signal output means for outputting a motor 
speed clamp signal VCON or a motor speed clamp release signal 
VCOF to the spindle drive unit 2c and the servo drive unit 3c 
based on the determination result of the input current 
determination means 12c. 

Numerals 20a and 2 0b denote motor speed clamp signal input 
means for inputting the motor speed clamp signal VCON or the 
motor speed clamp release signal VCOF, and numerals 21a and 
21b denote motor speed control means for clamping the motor 
speed command based on the command from the motor speed clamp 
signal input means 20a and 20b; in embodiment 3, control signal 
execution means is made up of the motor speed clamp signal input 
means 20a and 20b and the motor speed control means 21a and 
21b. 

Fig. 7 is a drawing to show the characteristics in the 
NC drive system according to embodiment 3 of the invention; 
(a) shows the characteristic of the input current Ii detected 
by input current detection means 11, (b) shows the speed 
characteristic of a motor (spindle motor 45 or servomotor 47) , 
and (c) shows the characteristic of motor drive current. In 
the Fig., Al is the point in time when the input current 
determination means 12c determines that input current Ii > 
allowable current value 10, A4 is the point in time when the 
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motor speed control means 21a, 21b clamps the motor speed command 
based on the motor speed clamp signal VCON, Bl is the point 
in time when the input current Ii lessens as the motor speed 
command is clamped and the input current determination means 
12c determines that input current Ii < allowable current value 
10, and B4 is the point in time when the motor speed control 
means 21a, 21b releases clamping the motor speed based on the 
motor speed clamp release signal VCOF. 

The operation of motor speed clamping in embodiment 3 
will be discussed with reference to Figs. 6 and 7. 

The input current determination means 12c compares the 
input current Ii found by the input current detection means 
11 with the allowable current value 10 with respect to less- than, 
equal-to, or greater-than relation and if the input current 
Ii becomes greater than the allowable current value 10 (Al in 
Fig. 7 (a) ) , the input current determination means 12c outputs 
a signal to the effect that Ii>10 to the motor speed clamp signal 
output means 19 . If Ii becomes greater than 10, the motor speed 
clamp signal output means 19 outputs the motor speed clamp signal 
VCON to the spindle drive unit 2c and the servo drive unit 3c. 

When the motor speed clamp signal input means 20a and 
20b of the spindle drive unit 2c and the servo drive unit 3c 
input the motor speed clamp signal VCON, the means output the 
motor speed clamp signal VCON to the motor speed control means 
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21a and 21b, When the motor speed control means 21a and 21b 
input the motor speed clamp signal VCON, the means clamp the 
motor speed command (see Fig. 7 (b) ) . 

As the motor speed command is clamped, motor speed g> is 
clamped (A4 to B4 in Fig. 7 (b) ) and thus the input current 
Ii also lessens as shown in expression (1) described above (Ii 
oc (o) X Id)). 

If the input current Ii becomes equal to or less than 
the allowable current value 10 (Bl in Fig, 7 (a)), the input 
current determination means 12c outputs a signal to the effect 

that Ii<10 to the motor speed clamp signal output means 19. 
If Ii becomes equal to or less than 10, the motor speed clamp 
signal output means 19 outputs the motor speed clamp release 
signal VCOF to the spindle drive unit 2c and the servo drive 
unit 3c. 

When the motor drive current clamp signal input means 
20a and 20b of the spindle drive unit 2c and the servo drive 
unit 3c input the motor speed clamp release signal VCOF, the 
means output the motor speed clamp release signal VCOF to the 
motor drive current control means 21a and 21b. When the motor 
speed control means 21a and 21b input the motor speed clamp 
release signal VCOF, the means release clamping the motor speed 
and restore the acceleration/deceleration command to the 
acceleration/deceleration command based on a position command 
from an NC unit 48 (B4 in Fig. 7 (b) ) . 



In the NC drive system of embodiment 3, if it is determined 
that the input current Ii of the motor drive power converter 
is greater than the allowable current value 10, the speed command 
is clamped, whereby the input current Ii is lowered* Thus, 
the input current Ii can also be lowered at high speed in a 
high-speed area wherein the motor output torque is small, and 
the systemis suited for application where frequency is required, 
such as a semiconductor manufacturing apparatus. 

Embodiment 4 

Fig. 8 is a drawing to show the configuration of an NC 
drive system according to embodiment 4 of the invention. In 
the Fig., numerals 11, 41, 42, 45, 47 to 49, 50, and 53 are 
similar to those in Fig. 1 and will not be discussed again. 
Numeral Id denotes a motor drive power converter, numeral 2d 
denotes a spindle drive unit, and numeral 3d denotes a servo 
drive unit. Numeral 12d denotes input current determination 
means for comparing input current Ii with allowable current 
value 10 with respect to less-than, equal-to, or greater-than 
relation, andnumeral 22 denotesmotor drive current clamp signal 
output means as control signal output means for outputting a 
motor drive current clamp signal CON or a motor drive current 
clamp release signal COF to the spindle drive unit 2d and the 
servo drive unit 3d based on the determination result of the 
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input current determination means 12d. 

Numerals 23a and 23b denote motor drive current clamp 
signal input means for inputting the motor drive current clamp 
signal CON or the motor drive current clamp release signal COF, 
and numerals 24a and 24b denote motor drive current control 
means for clamping the motor drive current based on the command 
from the motor drive current clamp signal input means 23a and 
23b; in embodiment 4, control signal execution means is made 
up of the motor drive current clamp signal input means 23a and 
23b and the motor drive current control means 24a and 24b. 

Fig, 9 is a drawing to show the characteristics in the 
NC drive system according to embodiment 4 of the invention; 
(a) shows the characteristic of the input current Ii detected 
by input current detection means 11, (b) shows the drive current 
characteristic of a motor (spindle motor 45 or servomotor 47) , 
and (c) shows the characteristic of motor drive current. In 
the Fig,, Al is the point in time when the input current 
determination means 12d determines that input current Ii > 
allowable current value 10, A5 is the point in time when the 
motor drive current control means 24a, 24b clamps the motor 
drive current based on the motor drive current clamp signal 
CON, Bl is the point in time when the input current Ii lessens 
as the motor drive current is clamped and the input current 
determination means 12d determines that input current Ii < 



allowable current value 10, and B5 is the point in time when 
the motor drive current control means 24a, 24b releases clamping 
the motor drive current based on the motor drive current clamp 
release signal COF. 

The operation of motor drive current clamping in 
embodiment 4 will be discussed with reference to Figs. 8 and 
9. 

The input current determination means 12d compares the 
input current Ii found by the input current detection means 
11 with the allowable current value 10 with respect to less-than, 
equal-to, or greater-than relation and if the input current 
Ii becomes greater than the allowable current value 10 (Al in 
Fig. 9 (a) ) , the input current determination means 12d outputs 
a signal to the effect that Ii>10 to the motor drive current 
clamp signal output means 22. If Ii becomes greater than 10, 
the motor drive current clamp signal output means 22 outputs 
the motor drive current clamp signal CON to the spindle drive 
unit 2d and the servo drive unit 3d. 

When the motor drive current clamp signal input means 
23a and 23b of the spindle drive unit 2d and the servo drive 
unit 3d input the motor drive current clamp signal CON, the 
means output the motor drive current clamp signal CON to the 
motor drive current control means 24a and 24b. When 24a and 
24b input the motor drive current clamp signal CON, the means 



clamp the motor drive current (see Fig. 9 (c) ) . 

As the motor drive current is clamped, the input current 
Ii also lessens as shown in expression (1) described above (Ii 
oc I© X Id)). 

As the motor drive current is clamped, the inclination 
of speed command also lessens (A5 to B5 in Fig. 9 (b) ) . 

If the input current Ii becomes equal to or less than 
the allowable current value 10 (Bl in Fig. 9 (a)), the input 
Cj current determination means 12d outputs a signal to the effect 

N 8 that Ii<10 to the motor drive current clamp signal output means 

s 22. If Ii becomes equal to or less than 10, the motor drive 

if**"' 

fli current clamp signal output means 22 outputs the motor drive 

Ul current clamp release signal COF to the spindle drive unit 2d 

^ and the servo drive unit 3d. 

When the motor drive current clamp signal input means 
23a and 23b of the spindle drive unit 2d and the servo drive 
unit 3d input the motor drive current clamp release signal COF, 
the means output the motor drive current clamp release signal 
COF to the motor drive current control means 24a and 24b. When 
the motor drive current control means 24a and 24b input the 
motor drive current clamp release signal COF, the means release 
clamping the motor drive current and restore the 
acceleration/deceleration command to the 

acceleration/deceleration command based on a position command 
from an NC unit 48 (B5 point in Fig. 9 (b) ) . 
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If it is determined that the input current Ii of the motor 
drive power converter is greater than the allowable current 
value 10, the speed change amount is controlled for lessening 
the inclination of the speed command, thereby decreasing the 
motor drive current for lowering the input current Ii as an 
example in embodiment 1 . In embodiment 4, while the motor drive 
current is clamped and held, the motor speed is gradually 
decreased, thereby lowering the input current Ii; the system 
is suited for application where acceleration/deceleration is 
not required, such as a machine, etc., using a high-speed 
rotation spindle or a magnetic bearing. 

Embodiment 5 

Fig. 10 is a drawing to show the configuration of an NC 
drive system according to embodiment 5 of the invention. In 
the Fig., numerals 2d, 3d, 11, 22, 23a, 23b, 24a, 24b, 41, 42, 
45, 47 to 49, 50, and 53 are similar to those in Fig. 8 and 
will not be discussed again. Numeral le denotes a motor drive 
power converter, numeral 25 denotes phase detection means for 
detecting power supply phase 9 of an AC power supply 41 with 
phases Lll and L12, and numeral 26 denotes input current 
determination means for inputting the power supply phase 
detected by the phase detection means 25 and comparing input 
current Ii with allowable current value 10 with respect to 
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less-than, equal-to, or greater-than relation in the proximity 
of the power supply phase where the input current changes in 
direction. 

Fig. 11 is a drawing to show the characteristics in the 
NC drive system according to embodiment 5 of the invention; 
(a) shows the characteristic of input phase-to-phase voltage 
VAC and (b) shows the characteristic of the input current Ii 
detected by the input current detection means 11. The input 
current Ii found by detecting input currents IL1 and IL2 of 
phases LI and L2 in input current detectionmeans 11 has a flowing 
phase changing on T/6 period based on the less-than, equal-to, 
or greater-than relation between the phase-to-phase voltages, 
and becomes zero every T/6. The input current Ii changes in 
direction every power supply phase 60° of 30°, 90°, 150°, 210°, 
and 2 7 0°; the input current Ii reaches the maximum when the 
power supply phase 0 is 330°. 

Using the characteristic of change in the input current 
Ii found in the input current detection means 11, the input 
current determination means 2 6 compares the input current Ii 
with the allowable current value 10 with respect to less-than, 
equal-to, or greater-than relation in the proximity of the power 
supply phase G where the input current Ii grows as the power 
supply phase 9 detected by the phase detection means 25 is 30°, 
90°, 150°, 210°, 270°, 330°. 

The example wherein the input current determination means 
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12d of embodiment 4 described above always compares the input 
current Ii with the allowable current value 10 with respect 
to the less-than, equal-to, or greater-than relation has been 
described. In embodiment 5, the phase detection means 25 for 

detecting the power supply phase 8 is provided and the input 
current determination means 2 6 does not always compare the input 
current Ii with the allowable current value 10 with respect 
to the less-than, equal-to, or greater-than relation and can 
efficiently compare the input current Ii with the allowable 
current value 10 with respect to the less-than, equal-to, or 
greater-than relation in the proximity of the power supply phase 
9 where the input current Ii grows. 

The example has been given wherein the input current 
determination means 12d for always comparing the input current 
Ii with the allowable current value 10 with respect to the 
less-than, equal-to, or greater-than relation in embodiment 
4 is replaced with the input current determination means 26 
for comparing the input current Ii with the allowable current 
value 10 with respect to the less-than, equal-to, or greater-than 
relation in the proximity of the phase detection means 25 for 
detecting the power supply phase 9 and the power supply phase 
9 where the input current Ii grows. However, the input current 
determination means 12a in embodiment 1, the input current 
determination means 12b in embodiment 2, or the input current 



determination means 12c in embodiment 3 may be replaced with 
the input current determination means 26 for comparing the input 
current Ii with the allowable current value 10 with respect 
to the less-than, equal-to, or greater-than relation. 

Embodiment 6 

Fig. 12 is a drawing to show the configuration of an NC 
drive system according to embodiment 6 of the invention. In 
the Fig., numerals 11, 23a, 23b, 24a, 24b, 41, 42, 45, 47 to 
49, 50, and 53 are similar to those in Fig. 8 and will not be 
discussed again. Numeral If denotes a motor drive power 
converter, numeral 2f denotes a spindle drive unit, and numeral 
3f denotes a servo drive unit. Numeral 25 denotes phase 
detection means for detecting power supply phase 9 of an AC 
power supply 41 with phases Lll and L12, numeral 26 denotes 
input current determination means for comparing input current 
Ii with allowable current value 10 with respect to less-than, 
equal-to, or greater-than relation based on the determination 
result of the phase detection means 25, and numeral 27 denotes 
motor drive current clamp signal output means as control signal 
output means for outputting a motor drive current clamp signal 
CON or a motor drive current clamp release signal COF to the 
spindle drive unit 2f and the servo drive unit 3f based on the 
determination result of the input current determination means 
26, the determination result of the phase detection means 25, 
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motor drive current Idl of the spindle drive unit 2f , and motor 
drive current Id2 of the servo drive unit 3f . Numeral 28a denotes 
data output means for outputting the motor drive current Idl 

and motor speed col of the spindle drive unit 2f via a bus line 
4 9 to the motor drive current clamp signal output means 27, 
and numeral 28b denotes data output means for outputting the 
motor drive current Id2 and motor speed co2 of the servo drive 
unit 3f via the bus line 49 to the motor drive current clamp 
signal output means 27 . 

The motor drive current clamp signal output means 27 

compares Idl X col with Id2 X co2 with respect to less-than, equal-to, 
or greater-than relation based on the motor drive currents Idl 

and Id2 and the motor speeds col and co2 input from the data output 
means 28a and 28b, selects the drive unit whose motor drive 
current is to be clamped, and outputs the motor drive current 
clamp signal CON. 

In embodiments 1 to 5, the example has been given wherein 
when input current Ii > allowable current value 10, the control 
signal for lowering the input current Ii 
(acceleration/deceleration command change request signal VON, 
gate shut-off request signal GOF, motor speed clamp signal VCON, 
or motor drive current clamp signal CON) is output to all drive 
units to which the motor drive power converter supplies power. 
In embodiment 6, the drive unit to which the control signal 
for lowering the input current Ii is to be output is selected. 

31 



Fig. 13 is a drawing to show a flowchart of the NC drive 
system according to embodiment 6 of the invention. 

At step SI, the input current determination means 2 6 
determines whether or not the power supply phase 0 detected 
by the phase detection means 25 is the power supply phase where 
the input current Ii reaches the peak value. Letting 9p be 
the power supply phase 9 where the input current Ii reaches 
the peak value (30°, 90°, 150% 210°, 270% 330°) and 90 be the 
phase width in the proximity of the power supply phase Gp, if 
the power supply phase 9 is in the following expression: 
9p - 90 < 9 < 9p + 90 

the input current determination means 2 6 determines that the 
power supply phase 9 is in the proximity of the power supply 
phase 9p where the input current Ii reaches the peak value, 
and compares the input current Ii with the allowable current 
value 1 0 with respect to the less-than, equal-to, or greater-than 
relation . 

At step S2, the input current determination means 2 6 
compares the input current Ii with the allowable current value 
10 with respect to the less-than, equal-to, or greater-than 
relation and if input current Ii < allowable current value 10, 
the motor drive current clamp release signal COF is output to 
drive units a and b (corresponding to the spindle drive unit 
2f and the servo drive unit 3f in Fig. 12) at step S3. 
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If input current Ii > allowable current value 10, 
subsequently at step S4, the motor drive current clamp signal 
output means 27 compares Idl X ©1 with 162 X ©2 with respect 
to the less-than, equal-to, or greater-than relation based on 
the motor drive currents Idl and Id2 and the motor speeds col 
and co2 input from the drive units a and b, selects the drive 
unit whose motor drive current is to be clamped, and outputs 
the motor drive current clamp signal CON. The motor drive 
current clamp release signal COF is output to any other drive 
unit than the drive unit whose motor drive current is to be 
clamped . 

If Idl X col > Id2 X co2, at step S5 the motor drive current 
clamp signal CON is output to the drive unit a outputting the 
motor drive current Idl and the motor speed col. A timer value 
T to maintain the motor drive current clamp signal CON is set 
to 0 at step S6 and then the numeric value is updated (step 
S7) and if the value T becomes a timer reference value T01 for 
the drive unit a (T>T01) (step S8) , the motor drive current 
clamp release signal COF is output at step S9. 

If it is determined at step S4 that Idl X col < Id2 X co2, 
at step S10 the motor drive current clamp signal CON is output 
to the drive unit b outputting the motor drive current Id2 and 
the motor speed co2 . A timer value T to maintain the motor drive 
current clamp signal CON is set to 0 at step Sll and then the 
numeric value is updated (step S12) and if the value T becomes 
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a timer reference value T02 for the drive unit b (T>T02) (step 
S13) , the motor drive current clamp release signal COF is output 
at step S14. 

At step S4, the example has been given wherein the drive 
unit with the larger product of the motor drive current and 

the motor speed (Idl X ©1, Id2 X cd2) is selected and the motor 
drive current is clamped. However, if the operation 
characteristics, etc., of the drive unit are previously known, 
only either one motor drive current or one motor speed may be 
compared with another with respect to the less-than, equal-to, 
or greater-than relation for selecting the drive unit whose 
motor drive current is to be clamped. 

The example has been given wherein the number of drive 
units to which the motor drive power converter supplies power 
is two, the drive unit a (spindle drive unit 2f in Fig. 12) 
and the drive unit b ( servo drive unit 3f in Fig . 12), and wherein 
when input current Ii > allowable current value 10, the motor 
drive current clamp signal CON is output to the drive unit with 
the larger product of the motor drive current and the motor 
speed (steps S4, S5, and S10) . If the number of drive units 
to which the motor drive power converter supplies power is three 
or more, the number of drive units starting at the drive unit 
with the largest product of the motor drive current and the 
motor speed may be determined properly for clamping the motor 



drive current. 

At steps S5 and S10, the example wherein the motor drive 
current clamp signal CON is output has been given* However, 
the acceleration/deceleration command change request signal 
VON for changing the acceleration/deceleration command (in 
embodiment 1) , the gate shut-off request signal GOF for shutting 
off the gates (in embodiment 2) , or the motor speed clamp signal 
VCON for clamping the motor speed { in embodiment 3 ) maybe output . 

In embodiment 6, the drive unit providing the large effect 
of lowering the input current Ii is selected, the control signal 
to lower the input current Ii is output thereto, and control 
of any other drive unit providing the small effect of lowering 
the input current Ii is maintained, so that the input current 
Ii can be lowered efficiently. 
Embodiment 7 

Fig. 14 is a drawing to show the configuration of an NC 
drive system according to embodiment 7 of the invention. In 
the Fig., numerals 11, 22, 23a, 23b, 24a, 24b, 41, 42, 45, 47, 
49, 50, and 53 are similar to those in Fig. 8 and will not be 
discussed again. Numeral If denotes a motor drive power 
converter, numeral 2g denotes a spindle drive unit, numeral 
3g denotes a servo drive unit, and numeral 29a denotes an NC 
unit. Numeral 12g denotes input current determination means 
for comparing input current Ii with allowable current value 



10 with respect to less-than, equal-to, or greater-than relation, 
numeral 30 denotes cumulative-sum-of-times retention means for 
retaining the cumulative sum of times n the input current 
determination means 12g has determined that the input current 

11 exceeds the allowable current value 10, numeral 31 denotes 
alarm determination means for outputting an alarm signal ALM 
to the spindle drive unit 2g, the servo drive unit 3g, and the 
NC unit 29a if the cumulative sum of times n retained in the 
cumulative-sum-of-times retention means 30 becomes equal to 
or greater than a reference value nO, and numerals 32a, 32b, 
and 32c denote alarm input means in the spindle drive unit 2g, 
the servo drive unit 3g, and the NC unit 29a. 

The cumulative-sum-of-times retention means 30 retains 
the cumulative sum of times n the input current determination 
means 12g has determined that the input current Ii exceeds the 
allowable current value 10, and the alarm determination means 
31 outputs an alarm signal ALM to the spindle drive unit 2g, 
the servo drive unit 3g, and the NC unit 29a if the cumulative 
sum of times n the input current Ii has exceeded the allowable 
current value 10 becomes equal to or greater than the reference 
value nO. 

In embodiment 7 , the motor drive power converter comprises 
the cumulative-sum-of-times retention means for retaining the 
cumulative sum of times the input current determination means 



has determined that the input current exceeds the allowable 
current value, and the alarm determination means f or outputting 
an alarm to the drive units and the numerical control unit if 
the cumulative sum of times retained in the 
cumulative-sum-of-times retention means becomes equal to or 
greater than the reference value. Thus, the operator can check 
an alarm on the drive units and the numerical control unit and 
can easily evaluate the high-acceleration/deceleration 
operation being executed. 

Embodiment 8 

Fig. 15 is a drawing to show the configuration of an NC 
drive system according to embodiment 8 of the invention. In 
the Fig., numerals 11, 22, 23a, 23b, 24a, 24b, 41, 42, 45, 47, 
49, 50, and 53 are similar to those in Fig. 8 and will not be 
discussed again. Numeral Ih denotes a motor drive power 
converter, numeral 2h denotes a spindle drive unit, numeral 
3h denotes a servo drive unit, and numeral 29b denotes an NC 
unit. Numeral 33 denotes input current output means for 
outputting input current Ii found by input current detection 
means 11 via a bus line 49 to the NC unit 29b, numeral 34 denotes 
input current input means, and numeral 35 denotes input current 
display means for displaying the input current Ii. 

In embodiments 1 to 7 , when input current Ii > allowable 
current value 10, the control signal to lower the input current 
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Ii is output to the drive unit. The input current output means 
33 of embodiment 8 outputs the input current Ii found by the 
input current detection means 11 to the NC unit 29b driving 
the drive unit. 

In embodiment 8, the motor drive power converter outputs 
the input current found by the input current detection means 
to the numerical control unit, so that it is made possible to 
take steps on the NC unit for outputting a control command for 
driving a motor to the drive unit. 

The advantages of the invention described above are as 
follows : 

In the numerical control drive system of the invention, 
the motor drive power converter comprises input current 
detection means for finding an input current, input current 
determination means for comparing the input current found by 
the input current detection means with an allowable current 
value with respect to less-than, equal-to, or greater-than 
relation, and control signal output means for outputting a 
control signal to the drive unit based on the determination 
result of the input current determination means, the drive unit 
comprises control signal execution means for changing the 
control command from the numerical control unit based on the 
control signal output from the control signal output means, 
and 
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if the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means of the drive unit changes 
the control command from the numerical control unit, thereby 
lowering the input current, so that 

stable motor control can be executed without increasing 
the capacity of the motor drive power converter for high-speed, 
high-acceleration drive of the numerical control drive system. 

If the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means controls the speed change 
amount for lessening the inclination of a speed command, so 
that the input current of the motor drive power converter can 
be lowered with the speed control maintained. 

If the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means sets the drive current of 
the drive unit to zero, so that the input current of the motor 
drive power converter can be lowered at high speed. 

If the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means clamps a speed command, so 
that the input current of the motor drive power converter can 
be lowered at high speed in a high-speed area wherein the motor 
output torque is small. 
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If the input current determination means determines that 
the input current is greater than the allowable current value, 
the control signal execution means gradually decreases themotor 
speed, thereby lowering the input current Ii while the drive 
current of the drive unit is clamped and held. Thus, the system 
is suited for application where acceleration/deceleration is 
not required, such as a machine, etc., using a high-speed 
rotation spindle or a magnetic bearing. 

The motor drive power converter comprises phase detection 
means for detecting a power supply phase of the AC power and 
the input current determination means inputs the power supply 
phase detected by the phase detection means and compares the 
input current with the allowable current value with respect 
to the less-than, equal-to, or greater-than relation in the 
proximity of the power supply phase where the input current 
changes in direction, so that the input current can be 
efficiently compared with the allowable current value with 
respect to the less-than, equal-to, or greater-than relation. 

The control signal output means inputs at least either 
motor drive currents or motor speeds from the drive units to 
which the DC power is supplied, and selects the drive unit to 
which the control signal is to be output, so that the input 
current of the motor drive power converter can be lowered 
efficiently . 

The motor drive power converter comprises 
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cumulative-sum-of-times retention means for retaining the 
cumulative sum of times the input current determination means 
has determined that the input current exceeds the allowable 
current value, and alarm determination means for outputting 
an alarm to the drive units and the numerical control unit if 
the cumulative sum of times retained in the 
cumulative-sum-of-times retention means becomes equal to or 
greater than a reference value. Thus, the operator can check 
an alarm on the drive units and the numerical control unit and 
can easily evaluate the high-acceleration/deceleration 
operation being executed. 

The motor drive power converter comprises input current 
output means for outputting the input current found by the input 
current detection means to the numerical control unit, so that 
it is made possible to take steps on the numerical control unit 
for outputting a control command for driving a motor to the 
drive unit. 

industrial Applicability 

As described above, the numerical control system 
according to the invention is suited for use in a numerical 
control system using a servo drive unit and a spindle drive 
unit put into a high gain for performing high-speed, 
high-acceleration driving . 



Claims : 

1. (After amendment) A numerical control drive system having 
two or more drive units consisting of a servo drive unit for 
driving a motor, a spindle drive unit , etc., a numerical control 
unit for outputting a control command for driving the motor 
to said two or more drive units, and a motor drive power converter 
for converting AC power supplied from an AC power supply into 
DC power and supplying the DC power to said two or more drive 
units, characterized in that said motor drive power converter 
comprises input current detection means for finding an input 
current of the AC power supplied from the AC power supply, input 
current determination means for comparing the input current 
found by the input current detection means with an allowable 
current value with respect to less-than, equal-to, or 
greater-than relation, and control signal output means for 
inputting at least either motor drive currents or motor speeds 
from said two or more drive units to which the DC power is supplied, 
selecting the drive unit providing a large effect of lowering 
the input current, and outputting a control signal thereto if 
the input current determination means determines that the input 
current is greater than the allowable current value, that said 
drive unit comprises control signal executionmeans for changing 
the control command from said numerical control unit based on 
the control signal output from the control signal output means, 
and that 
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the control signal execution means of said drive unit 
inputting the control signal changes the control command from 
saidnumerical control unit/ thereby lowering the input current . 

2. The numerical control drive system as claimed in claim 1 
wherein if the input current determination means determines 
that the input current is greater than the allowable current 
value, the control signal execution means performs processing 
of lessening the inclination of a speed command. 

3. The numerical control drive system as claimed in claim 1 
wherein if the input current determination means determines 
that the input current is greater than the allowable current 
value, the control signal execution means shuts off gates of 
switching elements of said drive units. 

4 . The numerical control drive system as claimed in claim 1 
wherein if the input current determination means determines 
that the input current is greater than the allowable current 
value 7 the control signal executionmeans clamps a speed command. 

5. The numerical control drive system as claimed in claim 1 
wherein if the input current determination means determines 
that the input current is greater than the allowable current 
value, the control signal executionmeans clamps a motor drive 
current . 

6. The numerical control drive system as claimed in claim 1 
wherein said motor drive power converter comprises phase 
detection means for detecting a power supply phase of the AC 
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power and the input current determination means inputs the power 
supply phase detected by the phase detection means and compares 
the input current with the allowable current value with respect 
to the less-than, equal-to, or greater-than relation in the 
proximity of the power supply phase where the input current 
changes in direction. 

7. (After amendment) The numerical control drive system as 
claimed in claim 1 wherein said motor drive power converter 
comprises cumulative-sum-of -times retention means for 
retaining the cumulative sum of times the input current 
determination means has determined that the input current 
exceeds the allowable current value, and alarm determination 
means for outputting an alarm to said drive units and said 
numerical control unit if the cumulative sum of times retained 
in the cumulative-sum-of-times retention means becomes equal 
to or greater than a reference value. 

8. (After amendment) The numerical control drive system as 
claimed in claim 1 wherein said motor drive power converter 
comprises input current output means for outputting the input 
current found by the input current detection means to said 
numerical control unit. 

9. (Deletion) 
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As a below named inventor, I hereby declare that: 
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My residence, post office address and citizenship are as 
stated next to my name, 



I believe I am the original, first and sole inventor (if only one 
name is fisted below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 



NUMERICAL CONTROL DRIVE SYSTEM 



the specification of which is attached hereto unless the 
following box is checked: 



~ was filed on March 17, 2000 
as United States Application Number or 
PCT International Application Number 



PCT/JPOO/01672 



and was amended on 
(if applicable). 



I hereby state that I have reviewed and understand the 
contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1 .56. 
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! hereby claim foreign priority under Title 35, United States 
Code, Section 119(a)-(d) or 365(b) of any foreign application(s) 
"for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 
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I hereby claim the benefit under Title 35, United States Code, 
Section 1 1 9(e) of any United States provisional application^) 
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(Application No.) (Filing Date) 
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(Application No.) (Filing Date) 

I hereby claim the benefit of Title 35, United States Code 
Section 120 of any United States application (s), or 365(c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code Section 
112, I acknowledge the duty to disclose any material 
information which is material to patentability as defined in Title 
37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of this application: 



(Application No.) (Filing Date) 
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(Application No.) (Filing Date) 
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(Sift: ¥tfm*!ft*&R*+1ikm&) 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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name and registration number) 
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